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Flows with Heat Transfer (No Friction)
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l:} h, +V—+ dQ =h, +V
2 dm 2
Mass| |PVi=p,V, !
dQ/dm

Momentum P.—P, =pV(V,-V,)
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Rayleligh Line akses

Equation of State
1 M<1
h=h(S,
(S,p) ) M=1

p=p(S,P)
Selectav, >1
Mass = p,
momentum = P, S

State = S, h, Point 2 could be any point
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Energy Equation

dQ=C.dT

+VdV

Continuity Equation

pV = Const.

Mdp+ =
p V
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Equation of State

P=pRT

Mach Number
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dP dp dT
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M=
KRT
2dM _2dV dT
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Momentum Equation

P . P+dP

dQ

dP +pVdV =0
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5 Equations for
5 Unknowns

S Y T
P 1-M*C.T
.:} dM?  1+kM? dQ

M?  1-M? C.T
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The effects of heating and cooling on the properties of Rayleigh flow

Heating

Property Subsonic Supersonic
Velocity, V Increase Decrease
Mach number, Ma Increase Decrease
Stagnation temperature, T, Increase Increase
Temperature, T Increase for Ma < 1/k2 Increase

Decrease for Ma > 1/k1/2
Density, p Decrease Increase
Stagnation pressure, P Decrease Decrease
Pressure, P Decrease Increase
Entropy, s Increase Increase
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M=1/kY2

M=1
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Property Ratios

*

P k+1 T

P 1+kM2 T* -

1+ kM?

*

I:} Vv =(k+1)M2_p

\Y

1+ k'\/l2 p
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Property Ratios

P, k+l (2+(k-1)M? Klk-1)
1+kM2 k+1

T, (k+1)M’[2+(k-1)M’]
T, (1+kM?)?

*
0
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Flows with ieat Transfer S

Table 4

M | TIms | PIP* | PP | VIVE | T

0 0 24 1.268 0 0

0.02 | 0.0023 2.399 1.267 0.001 | 0.0019

0.5 0.790 1777 1114 | 0.0.444 | 0.691

1 1 1 1 1 1

3 0.280 0.176 3.42 1.588 0.654
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Concluding Remarks

¢ Compressible Flows with Heat
Transfer

¢ Rayleigh Line

¢ Variation of Property Ratios with
Mach Number

¢ Table4
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